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INTRODUCTION

The outdoor mixed nitrating acid storage tank containment dike at the Indian Head Division, Naval Surface
Warfare Center Biazzi Nitration Plant is constructed of a concrete slab and separately poured retaining walls. The joint
between the retaining walls and floor has needed regular maintenance, frequently requiring the application of sealing
compounds to eliminate leakage.

Long, thin fractures have also developed along the floor of the dike due to temperature fluctuations and earth
settling throughout the dike's 11-year life. Additionally, contact with strong acids from fume condensation, sampling
operations, and other exposure has deteriorated the concrete surface and integrity. The concrete has become spalled
in some areas, breaking apart under little stress, and has required some resurfacing.

In order to slow the degradation of the dike, increase its integrity, and reduce maintenance, we searched for a
cost-effective lining material which would meet the following criteria:

. Resistant to the various acid concentrations

. Flexible to prevent cracking due to earth settling and expansion

. Resistant to UV exposure from direct sunlight

. Capable of being applied over the surface of the dike and over the joints and cracks.

After a preliminary screening procedure of a variety of materials (Appendix A), the most cost-effective, resistant
material appeared to be the high density polyethylene (HDPE) typically used in landfill and reservoir applications.

The HDPE lining material met all of the above criteria, but the chemical resistance appeared questionable. The
manufacturer's specification sheet states that HDPE is suitable for secondary containment for sulfuric acid to 98% and
in limited applications may be suitable for nitric acid to 100%, depending on specific conditions. A more extensive
testing procedure was therefore developed to test the resistance of the HDPE to varying concentrations of
nitric/sulfuric mixtures over time.

We felt that the liner must withstand a minimum of 48 hours of direct exposure to any given acid concentration
it might experience. This would be sufficient to contain a spill until cleanup could be completed or the spill could be
diluted to a concentration sustainable by the liner. This allows two full days after a spill for the acid to penetrate the
liner and contact the concrete. The function of the concrete is then redefined from providing acid containment to that
of providing a structural base for the containment liner.
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EXPERIMENTAL

After preliminary screening, a sheet of 80 mil (0.080 inches nominal thickness) HDPE was obtained from SLT
Corporation and cut into strips approximately 6 inches long and 2 inches wide. Seventy-eight samples were embossed,
measured (length, width, and thickness) with a micrometer, and weighed (to 0.1 gram).

Four acid solutions were prepared from a solution of pure mixed nitrating acid. The pure mixed acid used
consisted of 53% sulfuric acid and 47% nitric acid and is used in the production of propylene glycol dinitrate (PGDN),
a nitrate ester and the primary component in the formulation of Otto Fuel II, the torpedo fuel for the Mks 46 and 48
torpedoes. These concentrations were used to simulate the varying concentrations of acidic media that might be
encountered during a spill and over the life of the dike surface. The compositions were as follows:

Solution Mixed Acid Composition

1 5% 2.6% Sulfuric acid
2.4% Nitric acid
95% Water

2 30% 16% Sulfuric acid
14% Nitric acid
70% Water

3 65% 34% Sulfuric acid
31% Nitric acid
35% Water

4 100% 53% Sulfuric acid
47% Nitric acid

These concentrations were chosen based on the tertiary corrosion diagram for sulfuric/nitric/water mixtures in
Figure 1. Each concentration change corresponds to a new corrosion zone or major deviation within a zone.

Eighteen samples were immersed in each solution. Six samples were not exposed to any acid and were used
to determine baseline properties of the material. The temperature of the solutions were cycled between outdoor
ambient temperature (averaging 30 to 40 °F) and 120 °F. High temperatures significantly increase corrosion attack,
while temperature cycling allows the samples to expand and contract, thereby increasing potential exposure of the
polymer structure to the acid solutions.

A temperature of 120 °F is a reasonable maximum temperature which might be expected on the surface of the
dike during a spill cleanup. (The 100% mixed acid solution also emitted profuse fumes at temperatures greater than
120 °F.) Appendix B contains the raw data, laboratory notes, and temperature records of the acid solutions.
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Six samples from each solution were withdrawn after 2, 5, and 15 temperature cycles (2, 8, and 23 days
respectively). The final samples in the 100% mixed acid solution (solution 1) were withdrawn after 11 cycles (19
days) because they were badly deteriorated.

Each set of six samples withdrawn were washed first in fresh water, second in a solution of sodium carbonate,
and lastly in fresh water. The samples were then dried in an oven at 120 °F until all visible moisture was gone. Each
sample was remeasured and reweighed, then submitted for tensile properties testing.

100% H,0

L7 AN
D

100% H,S0. 100 % HNO4

CODE: (MATERIALS IN SHADED ZONES REPORTED CORROSION RATE LESS 20 MPY .}

ZONE 1
STEEL GLASS TANTALUM GOLD
DURIMET 20 SILICON IRON PLATINUM
WORTHITE
ZONE 2
CAST IRON DURIMET 20 SILICON IRON GOLD
STEEL WORTHITE TANTALUM LEAD
18 CR-8 NI GLASS PLATINUM
ZONE 3
DURIMET 20 GLASS TANTALUM GOLD
WORTHITE SILICON IRON PLATINUM
ZONE 4
18 CR-8 NI WORTHITE SILICON [RON PLATINUM
DURIMET 20 GLASS TANTALUM GOLD
ZONE 5
18 CR-8 NI GLASS TANTALUM GOLD
DURIMET 20 SILICON IRON PLATINUM ALUMINUM
WORTHITE

FIGURE 1. CORROSION RESISTANCE OF MATERIALS TO MIXTURES OF SULFURIC AND

NITRIC ACID AT ROOM TEMPERATURE—LESS THAN 20 MILS PER YEAR

[Source: G.A. Nelson, Shell Development Co.]
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RESULTS

Table I summarizes the physical properties and tensile properties of the samples before and after exposure
to the acids.

TABLE 1. HDPE/MIXED NITRATING ACID COMPATIBILITY STUDY RESULTS

Weight Volume Spec. grav. | Modulus of | Yield Yield Maximum | Maximum

Solution Cycles Days change change change elasticity stress strain stress strain
(%) (%) (%) {psi) {psi) (%) (%) (%)

Baseline, N/A N/A N/A 47,670 2,773 10.1 5,096 715

no exposure

5% 2 2 0.23 2.51 ~-2.12 52,060 2,726 9.1 4,822 676

5% 5 8 0.00 -0.72 0.72 51,870 2,764 9.7 4,905 689

5% 15 23 0.00 -0.01 0.15 48,950 2,712 9.0 5,042 705

30% 2 2 0.58 —-2.42 3.15 54,060 2,807 9.2 5,149 716

30% 5 8 0.11 0.85 -0.68 53,820 2,777 9.1 4,711 666

30% 15 23 0.33 0.57 -0.07 55,340 2,822 8.8 5,264 727

65% 2 2 0.21 0.60 -0.36 53,940 2,755 9.4 5,197 730

65% 5 8 0.32 1.35 -1.01 54,560 2,848 9.4 4,583 643

65% 15 23 0.55 0.97 -0.41 53,190 2,830 8.9 3,823 440
100% 2 2 1.48 1.51 0.16 47,508 2,714 9.8 5,269 777
100% 5 8 1.68 -2.43 4.22 50,490 1,962 7.8 1,968 8.3
100% 15 23 N/A N/A N/A N/A N/A N/A N/A N/A
Percent error? 1.2 4.1 4.3 6.1 2.1 5.1 11.0 9.2

3percent error calculated for the physical properties from estimated experimental error. Percent error for tensile properties is
the average standard deviation of the means. Percent error is the percentage error of the figures expressed in each column.

Physical Properties:

Appendix C contains experimental measurements and calculated values in spreadsheet form for the physical
property data presented in Table I and discussed below.

Weight Gain: Figure 2 shows the percent weight gain after exposure in each acid solution and the experimental
measurement error. All samples showed either no weight change or a slight increase in weight after exposure. None
showed a weight decrease. This indicates that some acid solution may be absorbed into the HDPE and that if the
HDPE is decomposed by the acid, more acid is absorbed than HDPE decomposed. Neither case is desirable.
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PERCENT WEIGHT GAIN (%)
2 .

2 CYCLES 5 CYCLES 15 CYCLES

0.5/

1 [ 1

H 1 [ L

0 2 4 6 8 10 12 14 16 18 20 22 24
DAYS OF CONTINUOUS EXPOSURE

™~ 5% MIXED ACID _ —— 30% MIXED ACID
= 65% MIXED ACID 8~ 100% MIXED ACID

et EXPERIMENTAL ERROR SHOWN

FIGURE 2. HDPE WEIGHT GAIN FROM ACID EXPOSURE

An alternative explanation may be that the acid is chemically reacting with the polyethylene, forming a new
product, which stays associated with the HDPE structure rather than the acid phase.

The weight gains for all acid solutions except the pure acid solution, however, were within the experimental
measurement error discussed later; thus, only the weight gain in the 100% acid solution is a conclusive weight gain.

Volume Change and Specific Gravity Change: The volume change calculation was based on sample volume
determination by length, width, and thickness measurements rather than by the standard immersion procedure due
to the low specific gravity of the samples (they float in most liquids).

The 4.1% and 4.3% errors shown in Table I represent the error from actual values, which are taken to be the
mean of several measurements along each dimension of the sample. To ensure that measurements were taken from
the same point before and after immersion, however, all measurements were taken only from one point, the corner
of the embossment. Therefore, if a sample's corners are not precisely square, the error will be greatest when taking
measurements at a corner. This is the probable cause for the large standard deviations in sample volume and specific
gravity changes (See Appendix C). Note that some data show increases while some show decreases in both of these
properties.

Tensile Properties:
Tensile property testing was conducted in accordance with ASTM Specification D638/D882 (Type IV

Dumbell). The crosshead speed (pulling speed of the sample) was set at 2.000 inches per minute. This is the standard
testing method used by most manufacturers of HDPE linings in their tensile property publications.
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Appendix D contains the tensile property test data, graphs, and photographs of the HDPE samples before and
after immersion. These results are summarized in Table I and discussed below.

Figure 3 is an example of a stress-strain curve for HDPE. The slope of the straight line drawn through the origin
1s the modulus of elasticity. The modulus of elasticity is a measure of the stiffness, or rigidity, of the material before
it has been stretched. The higher the modulus of elasticity, or the steeper the slope of the lirie, the stiffer the material.

B.00E+03 T T T T T T

1 1 T ‘r ] 1 T i
i FAILURE POINT |
{MAXIMUM STRAIN
L SLOPE = MODULUS AND STRESS) -
OF ELASTICITY

= 4.00E+03 H -
e

w A -
2]

i YIELD POINT

= ¥
w

2.00E+03 |L ]

! l 1 | 1 I I l 1 l 1 L | l 1
100 200 300 400 500 600 700 800

"PERCENT STRAIN (%)

FIGURE 3. HDPE STRESS-STRAIN CURVE

The yield point is the point on the curve where the first maximum is reached. The yield stress (force per area)
and yield strain (percent elongation) are the stress applied and strain induced at that point. At this point the polymer
chains start to separate, and irreversible destruction of the polymer begins. Prior to the yield point the polymer will
return to its original shape if the stress is removed. This is known as the "rubber band effect."

After the sample yields, it will then stretch for a time under constant stress. As the sample is stretched still
further, the stress will begin to increase linearly with increases in strain. In this region the polymer chains are being
stretched to their limit; they are thereby getting stiffer and more force is required to stretch the sample. The sample
then reaches the failure point and tears.

Modulus of Elasticity: Figure 4 shows the change in the HDPE modulus of elasticity over the exposure times
in each acid concentration. The data show that there is roughly no change in the modulus of elasticity over the
exposure times; all data after exposure are within one standard deviation of the nonexposed sample. This indicates
that there is no change in the stiffness of the material prior to stretching. The material will retain its rigidity even after
it has been exposed to acid as long as no stress is placed on it.
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MODULUS OF ELASTICITY (1000 PSl)
60
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15 cycies
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0 2 4 6 8 10 12 14 16 18 20 22 24
DAYS OF CONTINUOUS EXPOSURE

—— 30% MIXED ACID
—5— 100% MIXED ACID , :

—&— 5% MIXED ACID
—#= 85% MIXED ACID

FIGURE 4. MODULUS OF ELASTICITY OF HDPE SAMPLES

Yield Stress and Yield Strain: Figures 5 and 6 show the yield stress and yield strain, respectively, for the exposed
HDPE samples. The data show that 100% mixed acid has a profound effect on the yield stress and yield strain at some
time after 48 hours of exposure. The vield stress and yield strain both begin much earlier. The polymer structure
begins to yield, or become damaged, from a lower applied force and at dramatically lower elongation.

YIELD STRESS (PS! x 1000}
3000

2400

2200

2000

1800

5.cycles. . ~15_cycles.

1
i

T

| 1 | H 1 I ) | 1 1 1

0 2 4 6 8 10 12 14 16 18 20 22 24

) DAYS OF CONTINUOUS EXPOSURE
—4= 5% MIXED ACID —— 30% MIXED ACID
—*%~ 65% MIXED ACID —=— 100% MIXED ACID

------- BASELINE + ONE STANDARD DEVIATION

FIGURE 5. YIELD STRESS OF EXPOSED HDPE SAMPLES
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YIELD STRAIN (%)

12
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e BASELINE + ONE STANDARD DEVIATION

FIGURE 6. YIELD STRAIN OF EXPOSED HDPE SAMPLES

There is also a slight decrease in the yield strain of the samples from each of the other solutions (5%, 30%, and
65%) after 23 days of exposure. This decrease is statistically inconclusive however. These data points lie outside of
one standard deviation of the unexposed sample, but when the standard deviation of the exposed samples is accounted
for, they could, in reality, fall within the statistical range of "no effect." (The standard deviations for the exposed
samples are not shown.) Standard deviations for these three solutions show that the errors would overlap, while the
100% solution does show a conclusive decrease in yield strain.

Maximum Stress and Maximum Strain: Figures 7 and 8 show the maximum stress and maximum strain,
respectively, for the exposed HDPE samples. The data show that the 100% mixed acid and the 65% mixed acid have
affected these properties.

The 100% mixed acid solution has again shown a profound effect on both the maximum stress and maximum
strain at some time after 48 hours of exposure. These data, taken with the yield point data, indicate that pure mixed
acid will severely deteriorate the HDPE over a relatively short exposure time, but that the liner should withstand the
48 hours exposure criteria for the dike.

It is also worth mentioning that the tensile properties were run approximately 10 days after the two-day
exposure samples were withdrawn. This would seem to indicate that if the liner is properly washed and rinsed after
it has been exposed to pure acid, decomposition of the HDPE may be prevented.

The exposure of the HDPE to the 65% mixed acid solution also has resulted in a gradual decrease in both the
maximum stress and maximum strain over the 23 days of exposure. It is difficult to say if this trend would continue
if exposure time was extended; but it is also unlikely that under normal care the HDPE dike will be exposed to this
acid concentration for this duration.
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DISCUSSION

The weight gain of the HDPE after exposure to the 100% mixed acid (Figure 2) indicates that either:
. Some acid is either absorbed into the HDPE structure, subsequently destroying the HDPE, or alternately,

. A reaction is taking place between the HDPE and the acid, resulting in a slightly different chemical
structure with lower tensile properties.

In either case the tensile properties of the HDPE exposed to the 100% acid solution are diminished some time
after 48 hours of direct, continuous immersion. )

The HDPE samples were not tested immediately for tensile properties as originally planned due to scheduling
conflicts. However, even though about 10 days elapsed between the time the two-day samples were withdrawn and
the time the samples were tested, there appeared to be no adverse effects due to this waiting period. A weight gain
after two days of exposure to 100% mixed acid was seen; therefore, it is not likely that a chemical reaction had yet

taken place.

It is more likely that some acid was absorbed into the HDPE, resulting in a weight gain, but not enough was
absorbed to cause destruction of the HDPE. After immersion was continued to the eight-day samples, destruction had
taken place. There is no data between two days and eight days to show when the threshold exposure time occurs.

We also cannot conclude if the acid absorbed (weight gain) causes destruction or if destruction is caused mainly
by exterior exposure. Exterior exposure seems to be the principal cause, though, since the period between two days
and eight days yielded only a slight increase in weight, while the tensile properties were diminished considerably.

HDPE does expand and contract with changes in temperature; its coefficient of linear expansion is 1.2 104 °C.
A 130 °F temperature change (e.g., from summer to winter temperature) will result in a 0.86% elongation, or strain.
Table I shows that the yield strain is much higher than the thermal expansion strain, even after immersion for all
samples tested. Therefore, even when subjected to any of the conditions of this study, the HDPE used for the actual
dike lining will not reach its yield point (or point of some polymer destruction) due to changes in outdoor temperature.

10
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EXPERIMENTAL ERRORS

Experimental errors are identified and discussed in the following paragraphs. Appendix E provides the data and
calculations for the error estimations.

Sample Dimension Measurement:

The rectangular HDPE samples immersed in the acid were cut on a guillotine using a square guide. The
measurement errors for length and width are due to imprecise square corners on the samples plus the micrometer error.
The error for these measurements are 2.2% and 2.5%, respectively, based on the average standard deviation of
measurements of several samples.

The error for the thickness measurements relates to the ability of the manufacturer to produce a sheet of HDPE
of uniform thickness plus the micrometer error. The error for thickness is 0.2%, also based on the average standard
deviation of measurements of several samples.

Note that the die-cut "dumbbell" samples used for tensile property testing were cut from the rectangular samples
after immersion rather than prior to immersion to prevent deformation of the die-cut samples' dimensions during
Immersion.

Scale Accuracy:

HDPE samples were weighed before and after immersion to determine whether samples were being decomposed
by the acid or whether acid was being absorbed into the HDPE. The scale resolution was 0.1 gram; therefore, the error
is 0.05 gram. In most cases the weight remained constant or increased by 0.1 gram. For increases of this magnitude
(0.35%) a scale with higher resolution would yield more accurate figures.

Acid Absorption Offset by HDPE Decomposition:

It is likely that in some cases acid absorption by the HDPE (causing a weight increase) was offset by HDPE
decomposition (causing a weight decrease). The sample weight increased more often than it decreased, but there was
a change in the color of the acid solutions, particularly the higher concentrations, indicating decomposition was taking
place.

In estimating the magnitude of this error, I noted that in many cases the weight change was zero and only slight
color changes were noted. It is assumed then that the magnitude of this error does not exceed the scale accuracy. In
other words, I would not expect greater than a 0.05-gram weight increase or decrease. This error was then added to
the scale accuracy error to calculate the total weight change error.

11
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Room Temperature Variation:

Room temperature was not consistent when "before" and "after" size measurements were determined. The
maximum variation in room temperature was 7.5 °C, which corresponds to an error of 0.14%, calculated from

manufacturer specifications.

Acid Composition Change:

Vapor pressure differences of the components in the acid solutions may cause the acid composition to change
slightly over time since the test containers were not tightly sealed. This is particularly true with solution 1, where
heavy NO, fumes were observed during the high temperature periods. This should be a negligible error, however,
since no acid level change was noted in the containers.

Tensile Properties Testing Delay:

There was a delay of up to ten days from the time the samples were withdrawn from the acid until the time the
tensile properties were tested. If acid was indeed absorbed into the polymer structure, it is likely that further HDPE
decomposition was taking place as the samples awaited testing.

12
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CONCLUSIONS

Conclusions generated from this study of the compatibility of HDPE with mixed nitrating acid are summarized
below:

. The HDPE liner is sufficient to contain a mixed acid spill for 48 hours without serious adverse effects.
After 48 hours the spill could at least be diluted to a level no longer destructive to the liner and thereby
be contained within the containment dike. '

. HDPE samples immersed in 100% mixed acid will experience a weight gain after 48 hours of continuous
immersion. It is inconclusive whether the weight gain is attributed to acid absorption or chemical reaction
between HDPE and the acid.

. It is suspected, but not conclusively proven, that the weight gain is due to acid absorption. Mere acid

absorption does not appear to affect the properties of the HDPE if it is removed from the acid.

. Long periods of acid exposure seem to be the principal cause of diminishing tensile properties, rather than
acid absorption, since long exposure times yield slight increases in weight, but considerably poorer
tensile properties.

. HDPE should be capable of withstanding any concentration of mixed nitrating acid generated from an
initial concentration of 53% sulfuric acid and 47% nitric acid for at least 48 hours with no adverse effects
on tensile properties. However, greater than 48 hours of continuous exposure to 100% mixed acid will
drastically diminish the tensile properties.

. Thermal expansion of the HDPE in the dike lining may cause up to 0.86% elongation or strain. This is

a factor of nine times lower than the lowest yield strain obtained in this study (100% acid for 8 days). The
yield strain indicates how far the material can be stretched before the polymer chains begin to break.

13
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RECOMMENDATIONS

Based on the results of this study, HDPE should be suitable for use as secondary containment for mixed
nitrating acid storage. A periodic maintenance contract is recommended due to physical abuse and continual exposure
to various acid concentrations.

The following additional studies to answer outstanding questions regarding the chemical resistance to HDPE
would be beneficial:

14

Collect data between two days of exposure and eight days of exposure to determine when the threshold
exposure time occurs. ‘

Test some samples after removal from the acid immediately while delaying testing of others. This would
determine if acid absorbed into the HDPE causes destruction or if the destruction is caused primarily by
direct immersion.

Determine the effects of temperature on the chemical resistance by maintaining the immersed samples
at constant temperature rather than cycling the temperature through extremes.

Test other types of geomembrane and geotextile liners. Note in Appendix A that the Hypalon sample also
passed the preliminary screening. This sample was not tested further because the HDPE was thicker and
more rigid and appeared to be capable of withstanding more physical abuse. However, given more testing
time, other lining materials may have shown equal or better chemical resistance without the potential
installation and maintenance problems associated with HDPE.
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MIXED ACID CHEMICAL RESISTANCE STUDY
MATERIAL TESTING RESULTS

Test
Sample Name Liner Type]Length Results/Comments
Overkote Resin 24 hrs|Total destruction, completely dissolve
Overkote Plus Resin 24 hrs|Total destruction, completely dissolve
DOW Silastic 732 Caulk 4 days|Sample nearly intact but exposed
surface cracked
DOW Silastic 730 Caulk 4 days|Very small cracks in exposed surface;
Sample intack below exposed surface
Hetron Resin 4 days|Outer surface dissolved; bubbles form
Permagile Caulk 4 days|Sample floated; sample bubbled until
acid no longer in contact with sample
FX 571 Fox Ind. Caulk 10 minjSample dissolwved
Essex Poly- 10 min{Sample dissolved
Polyurethane urethane
Morton Thiokol Caulk 10 minjSample dissolved
FE 1402
Morton Thiokol Caulk 15 min|Sample dissolved
FE 1407
KOCH Permanite Resin 3 days|All outer polymer dissolved; only
Polymer cement base left
Pecora Caulk 10 min|Sample dissolved
Synthacalk
Morton Thiokol Caulk 15 min|Sample dissolved
FE 2000
Fabrico PVC Liner 4 days|Sample hardened and curled but still
Type 651 intact
Fabrico PVC Liner 4 days|Sample hardened and curled but still
Type BOEE intact
Fabrico PVC Liner 4 days}Sample hardened and curled but still
Type 3134 intact
HDPE SLT & Serrot Liner 4 days|Not affected visually
Life Science 3510 Resin 2 min|Caused violent acid fume-off
Life Science 3116 Resin 3 days|Crust layer on acid; corrosion effect
gradually increasing through sample
Hypalon Liner 3 days|Not affected visually

HDPE Testing; FormTool; hdpe_r-2
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MATERIAL COMPATABILITY TESTING
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Measurements taken at corner of sample with sample no.
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MATERIAL COMPATABILITY TESTING
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HDPE Test F/in
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FDPE TESTING IN ACID SOLUTIONS
WEIGHT/DIMENSIONS DATA BEFORE AND AFTER
HDPE Testing; quattro; hdpe-2

Sample Acid  Weight Weight % Weight Length Length  Width  Width % Width Thick.  Thick Volume Volume
Number ExposuresConcent. Before After Change Before After Before ter Change Before After Before After
1 0 0
2 0 0
3 ¢ 0
4 Q 0
5 9 0
3 0 0
66 2 S 13.5 13.5 0 5.358 5.369 1.921 1.925 0.208225 0.084 0.084 0.864588 0.8368167
68 2 5 14.2 14.3 0.704225 5.266  5.275 2.067 2.072 0.2418% 0.086 0.086 0.936095 0.939963
63 2 5 13.1 13.1 8} 5.221 5.224 1.%46 1.950 0.20555 0.083 0.083 0.843285 0.845504
74 2 5 15.1 15.2 0.662252 5.895  6.028 1.957 1.965 0.408789 0.076 0.076 0.891648 0.900371
75 2 5 13.2 13.2 [4} 5.323  5.345 1.8504 1.810 0.315126 0.090 0.092 0.912149 0.933223
76 2 5 13.4 13.4 0 5.255  5.279 1.959 1.965 0.306279 0.087 0.095 0.895625 0.985457
Average: 13.75 13.78333 0.227746 5.403 5.420167 1.959 1.9645 0.280977 0.084333 0.086 0.890565 0.913114
Standard Deviation: 0.699405 0.742556 0.32231 0.268541 0.276414 0.052131 0.052118 0.071475 0.004346 0.006131 0.03021 0.04724
1
64 5 3 13.6 13.6 o} 5.343  5.352 2.084  2.0839 0.23%3923 0.080 0.079 0.890785 0.883246
65 S 5 13.9 13.9 0 5.480 5.493 2.008 2.012 0.199203 0.082 0.081 0.902315 0.895205
67 5 S 14.5 14.5 0 5.245  5.251 1.984 1.985 0.050403 0.087 0.086 0.905329 0.8963%8
70 5 5 14.5 14.5 ¢} 5.186  5.204 2.160 2.164 0.185185 0.094 0.093 1.054996 1.047315
73 5 5 13.6 13.6 0 5.180  5.190 2.02% 2.030 0.049285 0.076 0.075 0.798777 0.790177
77 S 5 14.1 14.1 0 5.277  5.28% 1.910 1.908 -0.10471 0.092 0.092 0.927274 0.92841
Average: 14.03333 14.03333 0 5.286832 5.2965 2.029167 2.031333 0.103215 0.085167 0.084333 0.913246 0.506792
Standard Deviation: 0.372678 0.372678 0 0.101636 0.103051 0.078329 0.08027 0.118006 0.00644 0.006625 0.075365 0.075%43
61 15 5 15.0 15.0 0 6.072 1.954 1.953 -0.05118 0.084 0.084 0.996634
62 15 ) 13.8 13.8 0 5.233 5.236 1.989 1.990 0.050277 0.086 0.083 0.895126 0.86483
63 15 5 13.5 13.5 0 5.295  5.307 1.968 1.970 0.101626 0.083 0.082 0.864906 0.857293
71 15 5 14.2 14.2 0 5.180  5.191 2.086 2.090 0.191755 0.099 0.094 1.069743 1.019824
72 15 5 12.7 12.7 0 5.188  5.182 1.959 1.961 0.102093 0.089 0.083 0.904533 0.945057
78 15 5 13.4 13.4 0 5.332 5.345 1.965 1.967 0.101781 0.074 0.077 0.775326 0.809548
Average: 13.76667 13.76667 0 5.383333  5.2522 1.986833 1.9885 0.082726 0.085833  0.0855 0.917711 0.89931
Standard Deviation: 0.713364 0.713364 0 0.31273 0.064111 0.045685 0.046772 0.07299 0.00747 0.006076 0.034064 0.074334
50 2 30 13.2 13.3 0.757576 5.444  5.441 1.971 1.979 ©0.405885 0.071 0.071 0.761839 0.764509
51 2 30 14.1 14.2 0.70922 5.291  5.308 2.132 2.140 0.375235 0.076 6.072 0.857311 0.817857
52 2 30 13.6 13.7 0.735294 5.352 5.374 2.0 2.028 0.247158 0.076 0.072 0.822853 0.78469
S6 2 30 15.9 15.9 0 5.892 5.908 . 2.062 2.072 0.484%66 0.090 0.088 1.093437 1.077423
57 2 30 15.1 15.2 0.662252 5.898 5.905 2.031 2.034 0.14771 0.088 0.089 1.054138 1.068959
58 2 30 16.1 16.2 0.621118 5.981  6.007 2.113 2.118 0.23663 0.097 0.091 1.225872 1.157777
Average: 14.66667 14.75 0.58091 5.643 5.657333 2.055333 2.061833 0.316264 0.083  0.0805 0.969243 0.945203
Standard Deviation: 1.108553 1.090489 0.263691 0.285615 0.287534 0.054768 0.054998 0.115107 ©.009238 0.008884 0.166064 0.153487
47 5 30 14.6 14.6 ] 5.828 5.837 1.950 1.952 0.102564 0.0%0 0.092 1.022814 1.048232
48 5 30 14.3 14.3 0 5.419 5.430 2.162 2.167 0.231267 0.081 0.081 0.948986 0.953112
49 S 30 15.2 15.2 0 5.485 5.482  2.087 2.087 0 0.086 0.085 0.984459 0.97247%
55 5 30 13.2 13.2 0 5.239 5.259 1.956 1.963 0.357873 0.085 0.099 0.973511 1.022018
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% Volume Sp. Gr.
Change Before

Sp. Gr. % Sp. Gr.
After Change

0.413953 0.952847 0.948919 -0.41225
0.413218 0.925694 0.928377 0.28981
0.263128 0.947972 0.345484 -0.26244
0.978247 1.033433 1.030199 -0.31293
2.968168 0.883094 0.857638 -2.88261
10.03008 0.913014 0.829785 -9.11576
2.511132 0.942675 0.9234 -2.11603
3.486786 0.046702 0.0653%4 3.280434

-0.84634 0.931676 0.939628 0.853562
-0.78794 0.94006 0.%47526 0.79419%6
~(.98646 0.977373 0.987111 0.996283
-0.72801 0.838718 (.844869 0.733345
-1.07655 1.038992 1.050299 1.088264

0.122452 0.927918
-0.71714 0.542456
0.393372 0.080046

0.918448

-3.38449 0.840793
-0.88029 0.952497
-4.66642 0.810043
4.480091 0.856797
4.413915 1.054676
-0.00744 0.922209
3.83559 0.077118

0.350555 1.057328
-4.60214 1.003643
-4.63862 1.008584
-1.46455 0.887364
1.405963 0.874135
-5.55479 0.801456
-2.41726 0.938752
2.668886 0.090198

2.485086 0.871074
0.434726 0.919549
-1.21685 0.942204
4.982718 0.827431

0.926783 -0.1223
0.949369 0.723893
6.062102 0.396833

0.973749 3.502054
0.960956 0.88811
0.849693 4.894832
0.820058 -4.28799
1.010092 -4.22732
0.92291 0.154137
0.074259 3.825122

1.061616 0.405599
1.059522 5.567589
1.065421 5.635314
0.900554 1.486318
0.867724 -0.7334
0.853864 6.539141
0.968117 3.1500%4
0.095099 2.854475

0.849952
0.915569

0.95381
0.788159

-2.42483
-0.43284
1.23183%
-4.74623




5%
60
Average:
Stapdard

43
44

ELEG

Average:
Standard

SEEREN

Average:
Standard

30
37
38
33
40
41
Average:
Standard

27
28
28
31
32
33
Average:
Standard

16
15
17
18
19
24
Average:
Standard

10
11

Deviation:

15
15
15
15
15
15

Deviation:

N NN NN

Deviation:

(S, IV IV RV UL T ¥ )

Deviation:

15
15
15
15
15
15

Deviation:

NN R NN

Deviation:

v wn

30
30
30
30

30

65
65
65
65
65
65

65
65
65
65
65

65
65
65
65
€5

100
100
100
100
100
100

100
100
100
100

14.9
15.6
14.63333
0.763035

15.1
14.1
17.1
15.8
14.0
13.8

15.0 0.671141
15.6 0
14.65 0.111857

0.76974 0.250118 0.2915%4 0.281731

15.2 0.662252
14.1 0
17.2 0.584795
15.8 0
14.0 o}
13.9 0.724638

5.936
6.034
5.656833

5.710
5.856
5.929
5.861
5.364
5.263

14.98333 15.03333 0.328614 5.663833

1.176742

15.2
14.7
14.4
15.0
13.0
14.7

1.19257 0.3310%4

15.2 0
14.7 0
14.5 0.694444
15.1 0.666667
12.9 -0.76923
14.8 0.680272

14.5 14.53333 0.212025
0.716473 0.767391 0.534081

15.6
15.0
14.2
13.1
16.3
14.7
14.81667
1.015573

14.8
16.2
14.8
15.0
14.3
16.1
15.2
0.704746

16.6
15.6
13.8
14.1
13.5
14.5
14.68333
1.085383

14.6
15.2
13.4
13.6

15.7 0.641026
15.0 0
14.2 0
13.1 0
16.4 0.613497
14.8 0.680272

14.86667 0.322466
1.051454 0.323047

14.9 0.675676
16.3 0.617284
14.8 0
15.1 0.666667
14.4 0.699301
16.2 0.621118

15.28333 0.546674
0.715115 0.24621

16.7 0.60241
16.0 2.564103
14.0 1.449275
14.3 1.41844
13.7 1.481481
14.7 1.37931
14.9 1.482503

14.8 1.369863
15.4 1.31578%
13.6 1.492537
13.7 0.7352%4

0.257816

5.918
5.892
5.533
5.972
5.236
5.947
5.749667
0.27318

5.518
5.848
5.448
5.328
6.003
6.025
5.695
0.275136

6.043
5.885
6.019
5.543
5.563
5.844
5.817167
0.197405

6.072
6.011
5.36%
5.381
5.373
5.841
5.6745

1.087811 0.571588 0.308041

5.895
5.900
5.408
5.407

5.948 1.957
6.043 2.020
5.6675

5.724 1.966
5.870 1.971
5.%46  2.170
5.878  2.126
5.380 2.061
5.282 2.028

1.958 0.05109%
2.024 0.19802

1.969 0.1525%4
1.978 0.35515
2.175 0.230415
2.133 0.328257
2.067 0.291121
2.030 0.049285

5.68 2.053833 2.058667 0.234637

5.930 1.971
5.882 1.950
5.555 2.109
6.004 1.955
5.269 1.956
5.990 1.988

5.771667 1.988167
0.270342 0.055508

0.257034 0.075218 0.075826 0.106279

1.978 0.35515
1.960 0.512821
2.114 0.237078
1.960 0.255754
1.966 0.511247
1.987 -0.0503

1.994167 0.303625
0.054468 0.192141

2.091 0.335893
1.362 0.460829
1.952 0.308325
1.967 0.459653
2.070 0.242131
1.913 0.629261
1.9935 0.406015

0.065265 0.063673 0.127174

1.981 0.558376
2.145 -0.0466
1.967 0.254842
2.123 0.236072
1.926 0
2.114 0.189573

5.838 2.038667 2.042667 0.198711

5.538 2.084
5.886 1.953
5.465 1.846
5.351 1.958
6.003 2.065
6.038 1.907
5.7135  1.9855
0.271689
6.063 1.970
5.900 2.146
6.021 1.962
5.573 2.118
5.581 1.926
5.880 2.110
0.191901

2.179

6.022 2.030
5.389 2.020
5.39% 1.928
5.384 1.923
5.852 1.988
5.6086 2.011333
0.2735 0.085467
5.908 1.973
5.918 2.020
5.435 2.02¢
5.440 1.971

0.08774 0.08675 0.197337

2.191 0.550711
2.035 0.246305
2.026 0.29703
1.937 0.466805
1.924 0.052002
1.392 0.201207
2.0175 0.302343

0.087895 0.165732

1.972 -0.05068
2.021 0.049505
2.020 -0.19763
1.973 0.101471

0.092
0.082

2.022 2.025167 0.156804 0.087667
0.079156 0.079237 0.119983 0.005121

0.0%4
0.070
0.091
0.076
0.076
0.0%0
0.082833
0.009136

0.093
0.071
0.081
0.082
0.082
0.084
0.082167
0.006414

0.088
0.077
0.081
0.081
0.084
0.082
0.082167
0.003337

0.084
0.089
0.084
0.080
0.085
0.082
0.084
0.002769

0.083
0.03%4
0.076
0.087
0.082
0.079
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0.091 1.063741 1.059803
0.081 0.999472 0.991697

0.096 1.055231
0.973 0.807952
0.092 1.1708
0.070 0.946397
0.074 0.840196
0.093 0.961076
0.083 0.963703

0.091 1.084787
0.073 0.815747
0.081 0.945187
0.082 0.957371
0.082 0.839813
0.083 0.993101
0.082 0.939336

©.005228 0.090908

0.083 1.011857
0.078 0.87%428
0.082 0.858746
0.081 0.84501
0.084 1.04128
0.082 0.942153

0.082667 0.929763

0.00335 0.0753%4

0.084 0.9999%
0.0%0 1.124
0.084 0.991979
0.081 0.939206
0.084 0.911701
0.083 1.011128

0.084333 0.996335
0.002743 0.067052

0.083 1.098164
0.094 1.147018
0.077 0.824243
0.087 0.902587
0.084 0.847247
0.080 0.917341

0.0835 0.084167 0.956101
0.005795 0.005398 0.122632

0.084
0.081
0.084
0.082

0.082 0.97693
0.078 0.965358
0.081 0.919447
0.079 0.8738%

0.088167 0.939%664 1.00789
0.006491 0.038278 0.038813

1.081873
0.847593
1.189795
0.877644
0.822814
0.997189
0.969518

0.010801 0.123197 0.133375

1.067388
0.841597
0.951205
0.964963
0.849426
0.987877
0.543743
0.078604

1.030616
0.90077
0.87475

0.852559

1.043802

0.950128

0.942104

0.073603

1.008907
1.138995
0.9%4838

0.95835
0.904534
1.031717
1.006223
0.071935

1.151948
0.840695
0.909329
0.870141
0.932575
0.940937
0.110141

0.955347
0.932902
0.889275
0.847916
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-0.83635 0.850771 0.863704 1.520207
-0.77786 0.952473 0.9593%4 0.78395%
0.845245 0.893917 0.888523 -0.67798
2.224513 0.046942 0.060925 2.246438

2.534283 0.873229 0.857286 -1.82576
4.806287 1.064957 1.015151 -4.67683
1.622393 0.891276 0.882176 -1.02103
-7.32344 1.01814 1.098595 7.90215
-2.05684 1.016826 1.038179 2.100033
3.75749 0.876234 0.850621 -2.92302
0.573362 0.956777 0.957001 -0.07408
4.146003 0.07835 0.097364 4.1152%4

-1.60391 0.855063 0.869001 1.630055
3.16877 1.099665 1.06583 -3.07144
0.635636 0.929692 0.930235 0.058437
0.792959 0.956114 0.954916 -0.1253
1.144722 0.944626 0.926751 -1.89229
-0.52609 0.90328 0.914235 1.212745
0.602014 0.948073 0.943504 -0.36463
1.475301 0.975335 0.060515 1.65145

1.843873 0.940722 0.929611 -1.18107
2.426783 1.040854 1.016193 -2.36929
1.863567 1.009072 0.990611 -1.82947
0.893319 0.946037 0.937661 -0.88541
0.242131 0.955254 0.958793 0.37046%
0.846386 0.952126 0.950558 -0.16472
1.352676 0.974011 0.963905 -1.00991
0.747957 0.037458 0.030321 0.929532

0.891185 0.903155 0.901226 -0.21361
1.334103 0.879524 0.873302 -0.70738
0.288155 0.910454 0.507838 -0.28733
2.038305 0.974606 0.961505 -1.34424
-0.78607 0.957155 0.971485 1.497144
2.036108 0.971669 0.958154 ~1.38675
0.966964 0.932761 0.928925 -0.40703
0.997104 0.03667 0.036595 0.966613

0.922444
0.429754 (.829952 0.84759 2.125215
1.995259 1.021691 1.016222 -0.5353
0.746865 0.953298 0.959653 0.6665%
2.702125 0.97235 0.960793 -1.18853
1.660668 0.964575 0.961906 -0.27676
1.506934 0.944052 0.949233 0.158244
0.828082 0.058908 0.055175 1.149907

-2.21526 0.91183 0.945364 3.666346

~2.3621 0.960846 1.007358 4.8490638
-3.28152 0.889359 0.933258 4.936035
~2.97219 0.949688 0.985976 3.821053
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13 S 100 15.6 16.0 2.564103 5.448 5.464 2.165 2.164 -0.04619 0.088 0.087 1.037953 1.02869%
14 5 100 15.2 15.6 2.631579 5.433 5.5 2.077 2.078 0.048146 0.083 0.081 0.946944 0.92962
Average: 14.6 14.85 1.684861 5.591833 5.614667 2.038333 2.038 -0.0159 0.083667 0.081333 0.95343 0.930626
Standard Deviation: 0.832666 0.919692 0.688409 0.218056 0.212896 0.068937 0.066671 0.097731 0.002211 0.002867 0.050605 0.055955
8 11 100 14.2 0 -100 5.851 0 1.980 0 -100 0.081 0 0.938383 0
12 11 100 14.1 0 -100 5.438 s} 1.950 0 -100 0.08& 0 0.911353 0
20 11 100 13.6 0 -100 5.401 0 1.988 0 -100 0.080 0 0.859407 3}
21 11 100 13.6 0 -100 5.338 0 1.988 0 -100 0.082 0 0.870179 0
22 11 100 13.0 0 -100 5.389 0 1.970 0 -100 0.080 0 0.843306 0
pal 11 100 14.7 0 -100 5.906 0 2.009 0 -100 0.069 0 0.8186% 0
Average: 13.86667 0 -100 5.553833 0 1.981 0 -100 0.079667 0 0.874654 0
Standard Deviation: 0.540576 0 0 0.231%63 0 0.018188 0 0 0.005185 0 0.039747 ¢
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-0.89181 0.917161 0.949143 3.487014
-1.82941 0.979531 1.024042 4.544116
-2.42538 0.934753 0.97419 4.215867
0.881342 0.031091 0.033808 0.578188

-100 0.923436
-100 0.943508
-100 0.965692
-100 0.953738
-100 0.934066
-100 1.095705
-100 0.969358

0 0.058085

C-8
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MECHANICAL PROPERTIES LABORATORIES
RATAL OBDERMSEHTI f Iﬁrﬂéﬁlﬂw. KD,

TEST

ASTY L VRE IV

Tect type: Tensile

Operator nape: RONTER

Sample ldeptificatior: HDP-i
Interface Type: 4500 Series
¥achine Parameters of test:

Sample Rate (pts/seci: 50.00

Crosshead Speed (in/min )z 2.000

I4TE BARCE 4, 199!

PROCRN HIGE DERSITY POLYETEYLERE
4STH SPECIFICATION -D638/Des2

COMKERTS SAMPLES 1 THRU §

COXEENTS BASELINE

Dimensions:

Instron Corporation
Series 11 hetomated
Test Date: December

Sample Type: ASTX

Fumidity { & ):
Temperature (deg. F):

Spec. 1 Spec. 2 Spec. 3 Spec. ¢ Spec. §

Thickness [in) .086000 086000 .083000 .066000 .0G23000
Kidth [ip) (24400 24400 24500 24400
Gauge length (in) 2.5000 2.5000 2.5000 2.5000

Specimen G.L. (in) 3.0000 3.0000 3.0000 3.0000
Out of 5 specimens, 0 excluded.

Sagple comments: SHORE D EARDHESS 85

load/Ridth % Straim Strain
at at et 2-slp
Specimen Max.Load  Hax.load Tield
Nuaber {1bs/in) (%) {in/in}
! 475 4 162.2 08784
2 418.9 £75.5 09204
2 3542 §14.8 .09293
! 471.3 787.0 (11878
5 442.6 734.1 10660
Kean: 432.5 7147 (10100
Standard
Deviation: 48.4 9.6 .01002

D-4

24400
2.5000
3.0000
load/Hidthk
at z-slp  Kodulus
Tield
(1bs/in) {psi)
240.6 51290
242.1 54250
229 .4 55150
230.6 35380
233.0 42280
235.1 47879
5.8 8549

50

¥aterials Testing System v4.(05a

7.1980

73
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D-6

ASTH D TYPE IV

Test type: Tensile

Operator name: BUNTER

Sapple ldentification: EDP-2

Interface Type: 4500 Series

Machine Parameters of test:
Sagple Rate {pts/sec): $50.0
Crosshead Speed {in/gin ):

DATE KARCE 11, 1991
PROGRAN BIGE DERSITY
ASTM SPECIFICATION  D638/D8S2
COXKENTS ¢ CYCLES 30%
COXMERTS SAMPLES 56,51,
Dimensions:

Thickness {in)

¥idth (ir)

Gauge length {in)

Specimen G.L. (in)
Out of 5 specimens, 0 excluded.
Lo
Specimen ¥
Nunber {
1 38
2 40
3 4
i 4]
5 42
Nean: 41

Standard
Deviation: 2

S

ES

RAVAL ORDRAKCE STATIOK INDIAK ERAD, KD.

fnsiror Corporation
Series IY Auicmated Xaterials Testing Systes vé.{5a
Test Date: December &880

Saeple Type: ASTH

0 Bueidity (% ): 50
2.008 femperature {deg. F}: 73
POLYETEYLENE
52,56,& 87

Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. &

.079000 .050000 .0B0000 083000 080000

J24500 (24460 24500 24300 24400

2.5000 2.5000 2.5000 2.5000 2.5000

3.0000 3.0000 3.0000 3.0000 3.0000
ad/Nidth % Strain Strain  Load/Width

at at at z-slp  at z-slp  ¥odulus
ay.load  Kax.load Tield Tield
1bs/in) (£) {in/in) {1bs/ir} (psi)
1.7 680.7 08251 211.5 54730.
1.1 694.7 09477 2241 54200
1.3 785.5 09421 2047 53830
9.8 634.8 09438 242.5 52880.
9.5 1453 09358 225.4 54640
5.9 716.2 09188 226.8 54060
5.4 36.9 00526 8.3 750.
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IHTR 1799

YECEENICAL PROPERTIRS LABORATORIES
LLIge

BALLISTIC TEST DIVISION
NAVAL ORDNANCE STATION INDIAN BEAD. ¥D.

ASTY D TYPE IV

nstron Corporation
Series [T Automzted

Test type: Tensile

Operator name: HUKTER

Sample Identification: EDP-3

Test Date: Decesber

ASTY

Sample Type:

Katerials Testing System v4.05a
8,198

Interface Type: 4500 Series
¥achine Parameters of test:
Sample Baie {pts/sec): 50.00
{resshead Speed {in/ein }:

Bumidity { % ): 50

2.000 Temperature {deg. F}: 72

DATE KARCH 11, 1981

PROGRAK HIGE DERSITY POLYRTHYLENE

ASTY SPECIFICATION D638/D882 SEORE D 65

COXKERTS 2 CYCLES 65%

CORKENTS SAMPLES 25,26,34,35, & 36

Dimensions:

Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5

Thickness (in) 064000 083000 073000 .082000 .682000
Ridth {ir) (24500 24400 24400 .24400 24400
Gange length (in) 2.5000 2.5000 2.5000 2.5000 2.5000

Specimen G.L. (in) 3.0000 3.0000 3.0000 3.0000 3.0000
Out of 5 specimens, 0 excluded.
Load/Nidtk % Strain Strain  Load/Width
at at at z-slp  at z-slp  Modulus

Specimen Nax.load  Max.load Tield Tield
Number (Ibs/in) (%) (ir/in) {1bs/in) [psi)

1 4735 788.5 09244 233.9 55460

2 361.6 £26.5 09703 232.1 52630

3 435.2 770.8 09463 217.5 54700

4 476.2 792.8 .09552 225.8 53350

5 383.2 §68.9 09248 220.4 53570
Kean: 4259 729.5 09441 225.9 53940
Standard
Deviation: 82.1 788 ng199 7.1 1128
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IHTR 1799

D-10

HCERGE, SRR RO LES

RAVAL QEDEANCE STATION INDIAK EEAD, HD.

ASTE D TYPE IV

Test type: Tersile Tnstron Corporation

Series II Automaied Materials Testing System v4.052
Operator name: RONTER Test Date: December 8,190
Sample ldentification: EDP-4 Sample Type: ASTH

Interface Type: 4500 Series
¥achine Parameters cof test:

Sagple Bate (pts/sec): 50.00 Humidity ( X ): 50
Crosshead Speed {in/min )i 2.000 Temperature {deg. F): 73

DATE ¥ARCE 11, 1991

PROGRAY BIGE DEXSITY POLYETEYLEKE

ASTH SPECIFICATION  D638/D882 SHORE D 65

COMKENTS 2 CYCLES 5%

COMMENTS SAYPLES 25,28,39,75, & 75

Disensions:

Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. §

Thickress (in} .083000 .083000 082000 081000 .0B3000
Kidth {in) 24400 24400 (24400 (24400 24400
Gavge length (i 2.5000 2.5000 2.5000 2.5000 2.5000

r)
Specimer £.L. {in) 3.0000 3.0000 3.0000 3.0000 3.0000
Out of 5 specimens, 0 excluded.

Load/Nidtk % Strain Strain  Load/Width

at at at z-slp  at z-slp  Hodulus

Speciren Nar.foad  Kax.load Tield Tield
Nuaber {1bs/in) (%) {in/in) (1bs/in) {psi)

1 389.2 661.5 .09668 229.3 51499

2 3840 667.9 08781 218.7 50760

3 442.2 747.1 .09103 244 52300

4 3246 570.4 .08908 222.3 52110

5 217 133.7 .09268 228 .4 53660
¥ean: 397.5 676.1 09145 224.8 52050.
Standard
Deviation: 47.5 70.4 .00345 44 1077.
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THTR 1799

ASTE D TYPE IV

Test type: Tersile

Operator pame: HONTER

Sample Igentification: HDP-5

Interface Type: 4500 Series

¥achine Parapeters of test:
Sample Bate (pts/sec): 50.
Crosshead Speed [in/min 1:

KECEARICAL PROPERTIES LABORATORIZS
BALLISTIC TEST DIVISION

KATAL ORDRANCE STATION INDIAN HRAD, XD

Iestron Corporation
Series 11 Automated Materials Testing System v4.05a
Test Date: Decepber §,1480

Sample Type:

00
2.000

Hamidity ( % )¢
Temperature [deg. F):

ASTY

50
73

<&

DATE ¥ARCE 8, 1991
PROGRAX BI1GE DENSITY POLYETRYLEKE
ASTY SPECIFICATION  D638/D882
COMKERTS 2 CYCLES 100%
COXMERTS
Dimensions:
Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. §
Thickness {iz) 082000 .081000 .082060 .089000 .083000
¥idth {in) 24400 (24500 (24400 (24200 (24400
Gange length {in) 2.5000 2.5000 2.5000 2.5060 Z.3009
Specimen 6.L. {in) 3.0000 3.0000 3.0000 3.0000 3.0000
Out of § specimens, 1 excluded.
Load/Nidth X Strain Streir  load/Kidth
at at at z-slp  at z-slp  Nodulus
Specinen Kax.load  ¥ax.load Tield Tield
Kuzber (1bs/in) (%) (in/in) {1bs/in} (psi)
1 st 784.2 11180 228.5 39496,
2 433.9 796.8 08965 2141 48320,
3 4348 776.9 10110 224 4 49030
4 4517 T43.8 09464 241 4 49270.
tfrclndeds 449.2 792.9 .09886 230.8 50130
Xean: 439.0 775.4 .09917 2211 46530
Standard
Deviation: 8.5 22.1 .00870 1.3 {711,
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D-14

HECRANICAL PROPIESIES LUBORATORIES

HAYAL OBDNANCE STATION INDIAK READ, D.

ASTH D TYPE IV

Test type: Tensile Instron Corporation

Series 11 dutomated Xaterials Testing Syster vd. (052
QOperator name: HONTER Test Date: December §,199(
Sasple ldentification: BDP-54 Sample Type: 45TY

Interface Type: 4560 Series
Nachine Parameters of test:

Sample Bate (pts/sec): $0.00 Bueidity ( % )0 50
Crosshead Speed (in/eir ):  2.000 Temperature {deg. #): 13
DATE ¥4RCE 8, 18§81
PROGRAY BIGE DERSITY POLYRTEYLENE
AGTH SPRCIFICATIOR  D638/D882
COMMERTS 2 CYCLES 100X
COXKENTS SAMPLE #2¢
Dirensions:
Spec. 1
Thickzess (in) .080000
Kidth (in} 24460
Gange length [in) 2.5000
Specimen G.L. {in) 3.0000

Out of 1 specimers, 0 excloded.

Load/Kidth % Strain Strain  Load/¥idsh

at at at z-slp  at z-slp  Modules
Specimen ¥ax.load  Nax.load Tield Tield
Nurber {1bs/in} {X) {in/in) {1bs/ir} (psi)

1 423.8 785.6 .08352 215.5 51430.
Nean: £23.8 785.6 .09352 215.5 51430,
Standard
Deviation: ---=--e-m- coemeos sesemomooe cececonooo mmeoeeoees
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IHTR 1799

YECHARICAL PBOPRRTIES LABOBATORIES
EALLISTIC TEST DIVISION
NAVAL OBDKARCE STATION IKDIAN HEAD, MD.

ASTH D TYPE IV

Test type: Tensile Instron Corporation

Series II Automated Katerials Testing System v4.0352
Operator name: HOKTER Test Date: December &,1990
Sample Identification: HDP-6 Sample Type:  ASTY

Interface Type: 4500 Series
¥achine Parameters of test:

Sample Rate (pts/sec): 50.00 Bupidity { & ): 50
Crosshead Speed {in/min j:  2.00C Temperzture {deg. Fj: 73

DATE ¥ARCE 11, 1991

PROGRAY BIGE DERSITY POLYETHYLERE

ASTK SPECIFICATION  DE38/D88Z SRORE D 60

COXXERTS 5 CYCLES 5%

COMEERTS SAMPLES 64,65,67,70, & 73

Dimensions:

Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. §

Thickness (ir) .080000 080000 .088000 083000 .08300¢
¥idth {in) 24600 24500 24700 24500 24500
Geuge length {in) 2.5000 2.5000 2.5000 2.5000 2.5000
Specimen G.L. (in) 3.0000 3.0000 3.0000 3.0000 3.0000

Qut of 5 specimens, 0 excluded.

load/Kidth X Strain Strain  Load/Width

at at at z-slp  at z2-slp  Modulus

Specimen Nay.load  Max.Load Tield Tield
Kuaber {1bs/in) (%) (infin) {1bs/in) (psi)

1 363.8 658.3 .09265 217.3 51510

2 24,1 126.6 .09769 225.1 52580

3 403.8 652.6 .09883 241.8 52260

4 431.8 1253 .09486 230.8 53170

5 405.3 £81.9 .09848 229 .4 49850
¥ean: 405.8 688.9 09670 228.8 51870.
Standard
Deviation: 26.4 35.5 00288 8.9 1278.
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IHTR 1799

MECHARICAL PROPERTIES LABORATORIES
BELLISTIC TEST DIVISION
NEYAL ORDNANCE STATION IKDIAN BEAD. XD

ASTE D TTPE IV

Test type: Tenzile Tnstron Corporation

Series 1I Automated Naterials Testing System vd.052
QOperator nape: BORTER Test Date: December &,1990
Sample Identification: HDP-7 Sample Type:  ASTN

interface Type: 4500 Series
Yachine Parameters of test:

Sample Bate {pts/sec): 50.00 Bumidity (¥ }: 50
Crosshead Speed {in/min ): 2,000 Tepperature {deg. Fi: 13

DATE ¥ARCH 12, 199!

PROGRAY EIGH DENSITY POLYETEYLERE

487K SPECIFICATION  DE38/DES2

COXKENTS 5 CYCLES 30% SHORE D 38

CONYENTS SENPLES 47,48,49,55, & 38

Dieepsions:

Spec. ! Spec. 2 Spec. 3 Spec. 4 Spec. 5

Thickness (in) .083000 078000 .0B7000 .080000 081000
¥idth {in) 24500 (24500 24500 .24400 24490
Gauge length [ir 2.5000 2.5000 2.5000 2.5000 2.5000
Speciren G.L. {in} 3.0000 3.000C 3.0000 3.0000 3.0000

Out of 5 specimens, 0 excluded.

Load/Nidth X Strain Strain  Load/Width

at at at z-slp  at z-slp  Modulus
Specieen Kax.[oad  Xax.lLoad Tield Tield
Fueber {1bs/in) (%) (iz/in} {1bs/in) (psi)
387.8 680.¢ _05080 231.8 52270.
2 322.7 582.8 .09289 218.1 53599.
3 398 ¢ £50.8 .09268 242.3 52410.
§ 3954 694 .6 09314 219.¢ 54330.
3 {158 708.7 .08652 225.8 56480.
Hean: 3855 £65.5 09116 221.2 53820.
Standard
Deviation: 36.1 46.0 00278 10.4 1717.
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IHTR 1799

XECRANICLL PRGPERTIES LABORATORIES
BALLISTIC TEST DIVISION
RAVAL ORDNANCE STATION INDIAN HEAD, KD.

ASTH D TIPE IV

Test type: Tensile Instron Corporation
Series IT Automated Katerials Testimg System v4.035a

Opsrator name: HONTER Sest Date: December &,1986
Sampie !dentification: HDP-8 Sample Typs:  AETM
Interface Type: 4500 Series
¥achire Parameters cf tesi:

Szzple Bate {pts/sec): 50.00 Kupidity { X ): 3¢

{rosshead Speed {in/miz ): 2,000 Temperatere {deg. F): 13
DAL KARCE 12, 1981
PROGRAY BIGE DERSITY POLYETHYLENE
45T¥ SPECIFICATION  D638/D8s2
COXKERTS 5 (YCLES @5% SHORE D 58
COXKENTS SAMPLES 30,37,38,39, & 4D
Dimensicns:

Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. §

Thickness (in) .087000 .083000 .080000 .08000C . 983000
¥idth {ip) 24500 (24500 .24400 24400 24500
Gauge lengtd {in) 2.5000 2.5000 2.5060 2.5000 2.5000
Specimen G.L. (in) 3.0000 3.0000 3.0000 3.0000 3.0000

0ot of 5 specimens, 0 excluded.

Load/Nidth % Strain Strain  Load/Nidih
at at at z-slp  at z-slp  Modules
Specimen ¥ax.load  Kax.load Yield Vield
ugber (1bs/in} (%) {in/in) (ibs/in) {psi)

1 2649 4475 .09828 2485 53870
2 4335 732.9 09006 233.4 54999
3 426.8 709.6 .09561 2l 56580
4 427.9 750.0 09174 200.8 54720
5 3282 576.5 .09595 235.8 52670
Hean: 3764 643.3 09392 235.2 54560,
Standard
Deviation: 78.0 129.0 .00284 9.2 1436.
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IHTR 1799

D-22

ASTH D TYPE IV

Test type:

Operator name: BORTER

HECEANICEL PROPERTIES LABORATORIES
BALLISTIC 7EST DIVISION
NAVAL ORDEANCE STATION IKDIAN HEAD, XD.

Tensile Instron Corporation

Series [T 8utcmated Xaterials Testing System vd.05a
Test Date: December §,1940

Interface Type: 4500 Series

Machine Parameters

Sample Bate {pts/sec):

Sample Identification: HDP-§ fapple fypa:  ASTX
of test:
50.00 Bupidity { X ): 50
yoo 2,000 Temperature [deg. F):

Crosshead Speed {in/min

DATE

PROGRAY

ASTH SPECIFICATION
COBHERTS

COMMERTS

Dirensions:

Thickpess {in)

¥idth (ip)

X4RCH 11, 186
BIGE DENSITY POLYETRYLEXE
D638/D8s2

5 CYCLES 100%

SAMPLES 7,8,10,11, & 13

Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. §

.078000 .080000 077000 .078000 084000
(24400 24500 24300 .z4400 24400

Gaoge length [in) 2.5000 2.5000 2.5000 2.5000 2.5000

Specimen G.L.

{in) 3.0000 3.0000 3.0000 3.0000 3.0000

Qut of 5 specimens, [ excluded.

load/¥idth % Strain Strain  Load/Nidthk

at at at z-slp  at z-slp  Modulus

Specinmen Nax.Load  Xax.lLoad Tield Tield
¥azber {1bs/in) (%) {in/in) {1bs/in) (psi)

1 159.3 8.470 .08608 159.2 48200

2 160.4 8.362 08181 160.3 47610

3 138.5 7.629 07637 138.5 56120

{ 156.1 8.392 08394 156.1 43700

5 167.4 8.798 06245 i85.2 56810
¥ean: 156.3 8.330 07813 155.9 50490.
Standard

Deviation: 10.8 429 00548 10.3 5728.
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IHTR 1799

HECHAKICAL PROPERTIES LABOBATOBIES
BALLIETIC TEST DIVISION
AVAL ORDRANCE STATION INDIAK HEAD. ¥D.

ASTE D TYPE IV

Test type: Tensile Instron Corporation

Series II Automated Naterials Testing System v {05a
Operater name: HOKTER Test Date: December §,1990
Sample Identification: EDP-10 Sample Type:  ASTH

Interface Type: 4500 Series
Kachine Paraseters of test:

Sample Rate (pts/sec): 50.08 - Bueidity (%) S0
Crosshead Speed (in/min }:  2.000 Temperature (deg. F): 73

DATE ¥ARCE 19, 1891

PROGRAX BIGE DERSITY POLYETHYLEKE

ASTH SPECIFICATION  D638/D882 SHORE B 62

COXKERTS SAKPLES 61,62,63,71, & 73

COXMENTS 5% 15 CYCLES

Disersions:

Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. § Spec. £ Spec. 7

Thickness {in) .08000G 082000 082000 082000 .082000 .082000 .081000
¥idth (in) J24500 24400 (24400 24400 24400 (24400 24300
Gauge length (ir) 2.5000 2.5000 2.5000 2.5000 2.5000 Z.3000 2.5800
Speciver G.L. {in) 3.0000 3.0000 3.0000 3.000C 3.0000 3.0000 3.0000

Out of 7T specimens, 2 excluded.

Load/Hidth ¥ Strain Strain  Load/Kidth
at at at z-slp  at z-slp  Kodulus
Specinen ¥ax . Load  Max.load Tield Tield
Nomber {1bs/in) (%) (in/in) {1bs/in) {psi)

! 406.50 117.900 .089560 217.700 490760.

tfxcluded*  67.87 9.292 052800 14.620 1740,

tBxeludedt 10.18 5.281 .002583 2.404 11710.
4 430.30 724.800 090860 224,500 540480,
5 469.70 179.700 .08890¢0 223.200 46480
¢ 462.70 796.000 .03043¢0 216.500 428690.
1 284.30 508.500 081520 221.800 52300.

Kean: 410.70 705.300 090260 220.700 48950

Standard

Deviation: 75.09 115.100 001038 3.472 4481,
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THTR 1799

MBCHANICAL PROPERTIES LABORATORIES
BALLISTIC TRST DIVISIOR

HATAL ORDNAKCE STATION INDIAK EEAD, XD.

ASTH D TYPE IV

Seriez 11 Automated Materials Testing Systee v4.05a

Test type: Tensile Tustron Corporation
Operator nase: HONTER fest Date: Decesber 98,1990
Saeple Identification: BDP-11 Sapple Type: ASTE

Interface Type: 4500 feries
¥achine Parameters of test:

Sample Rate (pts/sec): 50.00 Ruaidity ( X ): 50
Crosshead Speed (in/ein ): 2.000 Temperature (deg. F): T3

DATE ¥ARCH 19, 1391

PROGRAX BIGR DERSITY PCLYRTEYLENE

A45TH SPECIFICATION  D638/D882 SHORE D 64

COMMERTS SANPLES 43,44,45,46, & 53

COKMERTS 30% 15 CYCLES

Dimensions:

Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. § Spec. 6

Thicksess (in} .0B2006 .080005 .080000 081000 .GB1O00 .0B2000
¥idth (in) 24400 24400 24400 24400 24400 24400
Gauge length (in) 2.5000 2.5000 2.5000 2.5000 2.5000 2.5000
Specieen G.L. {in) 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000

0ut of 6 specimens, 1 excluded.

Load/¥idth ¥ Strain Strain  Load/Nidth

at at et z-slp et z-slp  Modulus
Speciren Kox.load  Kex.Load Tield Tield
Nuaber {1bs/in) 1) {in/in) {1bs/in) (psi)
1 468.0 738.3 .08799 239.6 55920.
*Ixcludedr 468.0 7536 eeeeemeeee meoeeee 1858000.
3 £39.8 782.9 08020 218.0 52010,
{ 481.1 785.9 09034 239.2 58420.
5 insg 646.2 08141 225.4 57480,
5 378.1 580.7 08781 223.8 52890.
Kean: 4214 726.8 .08751 229.2 55340.
Standard
Deviation: 51.0 68.0 00363 9.7 2806.
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IHTR 1799

D-28

ASTE D TYPE IV

Test type: Tensile

Operater name: BONTER

Sample Identification: §DP-12

Interface Type: 4500 Series

Xachine Parameters of test:
Sample Bate {pts/sec):
Crosshead Speed (in/min ):

DATE ¥ARCE 1§, 1961
PROGRAY BIGE DEXSITY POLYETHYLENE
ASTY SPECIFICATION  D638/D882 SHORE D 84
COBXERTE SAKPLES 27,28,29,31, & %2
COB¥ERTS 55% 15 CYCLES
Dipensiors:
Spec. ! Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. §
Thickness {(in) 681000 081000 081000 .0BOOOO .081000 081000
Kidth {in) 24400 (24400 24400 (24400 24400 24400
Gauge length (in) 2.5000 2.5000 2.5000 2.5000 2.5000 2.5000
Specimen G.L. (in) 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000
Qut of 8 specieers, 0 ezcluded.
Load/Ridth ¥ Straia Strain  [Load/Kidth
at at at z-slp  at z-slp  Xodulus
Speciren Kax.load  Kax.load Tield Yield
Kumber {1bs/in) (X) {in/in}) (1bs/in} [psi)
1 3101 §02.30 08433 225.0 54930,
2 411.9 776.00 08638 225.8 53480
3 4258 79500 09031 221.1 52340
{ 229.0 10.42 08737 226.5 53600
5 247.8 10.41 .08903 U5t 56720
3 230.7 444 50 09440 222.2 48090
Kean: 309.2 439.80 08864 228.8 53190
Standard
Deviation: 90.¢ 356.20 00351 8.4 2913.

50.60

MECHAKICAL PROPERTIES LABORATORIES
BALLISTIC TEST DIVISION
NAVAL ORDNAKCE STATIOR IKDIAN EEAD, XD.

Instron Corporation
Series 1Y Autorated Haterials Testing System vd.052
Test Date: Decesber

Saeple Type:

Rumidity { ¥ )¢

2.000

Teaperature (deg. F):
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IHTR 1799

HDPE SAMPLE TESTING IN ACID
CALCULATE LOAD/AREA FROM LOAD/WIDTH (AS REPORTED)
HDPE Testing; quattro; hdpe-1

Baseline 1d/Wid.M Ld/A Max Ld/Wid.Y Ld/a v1d
Thick  1b/in 1b/in2  Ib/in  1b/in2

0.086  475.4 5527.91  240.6 2797.67

0.086  418.9 4870.93  242.1 2815.12

0.083  354.2 4267.47  229.4 2763.86

0.086  471.3 5480.23  230.6 2681.40

0.063  442.6 5332.53 23 2807.23

Mean 432.48 5095.81 235.14 2773.05

Std. Dev. 44.19 474.81 5.22  49.05

2 x 5% Ld/Wid.M Ld/A Max Ld/Wid.Y Ld/2 Y1d
Thick  1b/in  1b/in2  lb/in  1b/in2

0.083  389.2 4689.16  229.3 2762.65

0.083 394 4745.99  218.7 2634.%4

0.082  442.2 5392.68  224.4 2736.59

0.081  324.6 4007.41 222.3 2744.4¢

0.083  437.7 5273.49  228.4 2751.81

Mean 397.54 4821.95 224.62 2726.09

Std. Dev. 42.45 493.23 3.92  46.38

3 x 5% Ld/Mid.M Ld/A Max Ld/Wid.Y Ld/A ¥1d
Thick  1b/in  1b/in2  1b/in  1b/in2

0.08  363.8 4547.50  217.3 2716.25

0.08  424.1 5301.25  225.1 2813.75

0.088  403.8 4588.64  241.8 2747.73

0.083  431.8 5202.41  230.6 2778.31

0.083  405.3 4883.13  229.4 2763.86

Mean 405.76 4904.53 228.84 2763.98

Std. Dev. 23.58 307.84 7.98  32.33

15 x 5% L3/Wid.M L3/A Max Ld/Wid.Y Ld/2 Y1d
Thick  1b/in 1b/in?  1b/in  1b/in2

0.08  406.5 5081.25  217.7 2721..25

0.082  430.3 5247.561  224.5 2737.805

0.082  469.7 5728.049  223.2 7721.951

0.082  462.7 5642.683  216.5 2640.244

0.081  284.3 3509.877  221.8 2738.272

Mean 410.7 5041.884 220.74 2711.904

std. Dev. 67.18 802.83 3,12 36.58

2 x 30% La/Wid.M Ld/A Max Ld/Wid.Y Ld/A Y1d
Thick 1b/in  1b/in2 1b/in  1b/in2

0.079  381.7 4831.65  217.5 2753.16

0.08  401.1 S013.75  224.1 2801.25

0.08  447.3 5591.25  224.7 2808.75
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0.085  419.8 4938.82  242.5 2852.%4
0.08  429.5 5368.75  225.4 2817.50

Mean 415.88 5148.84 226.84 2806.72

Std. Dev. 22.69 285.33 8.33  32.11

S x 30% Ld/Wid.N Ld/2 Max Ld/Wid.Y Ld/A Y1d
Thick  1b/in  1b/in2  1b/in  1b/in2

0.083  397.8 4792.77  231.8 2792.77

0.078  322.7 4137.18  216.1 2770.51

0.087 396 4551.72  242.3 2785.06

0.08  395.4 4342.50  219.% 2748.75

0.081  415.6 S5130.86  225.8 2787.65

Mean 385.5 4711.01 227.18 2776.95

Std. Dev. 32.28 343.86 9.25  15.92

15 x 30% L3/Wid.M Ld/A Max L4/Wid.Y L3/ Y1a
Thick  1b/in 1b/in2  1b/in  1b/in2

0.082 468 5707.32  239.6 2921.95

0.08  439.8 5497.50 218 2725.00

0.081  481.1 5939.51  239.2 2953.09

0.081  371.9 4591.36 225.4 2782.72

0.082  376.1 4586.59  223.6 2726.83

Mean 427.38 5264.45 229.16 2821.92

Std. Dev. 45.60 568.98 8.71  97.14

2 % 65% L3/Hid.M Ld/B Max LA/Wid.Y Ld/A Y1d
Thick 1b/in  1b/in2  1b/in  1b/in2

0.084  473.5 5636.90 233.9 2784.52

0.083  361.6 4356.63  232.1 2796.39

0.079  435.2 5508.86  217.5 2753.16

0.082  476.2 5807.32  225.8 2753.66

0.082  383.2 4673.17  220.4 2687.80

Mean 425.%4 5196.58 225.94 2755.11

Std. Dev. 46.56 573.39 6.38  37.70

5 % 65% La/Wid.M Ld/A Max Ld/Wid.Y Ld/A Yld
Thick  1b/in  1b/in2  1b/in  1b/in2

0.087  264.9 3044.83  244.5 2810.3¢

0.083  433.5 5222.89  233.4 2812.05

0.08  426.6 5332.50  241.6 3020.00

0.08  427.9 5348.75  220.8 2760.00

0.083  329.2 3966.27 235.6 2838.55

Mean 376.42 4583.05 235.18 2848.19

std. Dev. 67.96 927.78 8.22  89.59

15 x 65% Ld/Wid.N Ld/A Max LA/Wid.Y La/A Yid
Thick  1b/in 1b/in2  1b/in  1b/in2

0.081  310.1 3828.40 25 2777.78

0.081  411.9 5085.19  225.8 2787.65
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0.081 425.8 5256.7S 227.7 2811.11
0.08 229 2862.50 226.5 2831.25
0.081 247.8 30539.26 245.4 3029.63
0.081 230.7 2848.15 222.2 27143.21
Mean 309.2167 3823.38 228.7667 2830.11
Std. Dev. 90.01 1104.99 8.15 98.97
2 x 100% Ld/Wid.M Ld/A Max Ld/Wid.Y Ld/3 ¥1d
Thick 1b/in  1b/in2 1b/in  1b/in2
0.082 435.7 5313.41 228.5 2786.58
0.081 433.9 5356.79 214.1 2643.21
0.082 434.8 5302.44 224.4 2736.59
0.083 451.7 5075.28 241.4 2712.36
0.08 423.8 5297.50 215.5 2683.75
Mean 435.98 5268.08 224.78 2714.50
Std. Dev. 8.96 99.13 8.90 47.33
5 x 100% Ld/Wid.M Ld/A Mex L4/Wid.Y L4/A Y1d
Thick 1b/in  1b/in2 I1b/in  1b/in2
0.078 159.3 2042.31 159.2 2041.03
0.08 160.4 2005.00 160.3 2003.75
0.077 138.5 1798.70 138.5 1798.70
0.078 156.1 2001.28 156.1 2001.28
0.084 167.4 1992.86 165.2 1966.67
Mean 156.34 1968.03  155.86 1962.28
Std. Dev 9.65 86.35 3.16 85.11
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HDPE TESTING IN ACID SOLUTIONS
DIMENSION MEASUREMENTS FOR ERROR CRLCULATIONS
HDPE Testing; Quattro; hdpe-4

Length Width Thickness Length Width Thickness

Sample (in) {in) (in) Sample (in) (in) (in)
1 5.872 2.047 0.024 6 5.643 1.941 0.085
5.893 2.037 0.080 5.625 1.935 0.U80
5.88% 2.015 0.079 5.616 1.922 0.083

2.023 1.913

Bvg. 5.884 2.031 0.081 Avg. 5.628 1.928 0.083
$id. Dev. 0.01068 0.01427 0.00265 std. Dev. 0.01375 0.01263 0.00252
2 6.000 2.028 0.081 7 5.512 2.153 0.082
5.995 2.030 0.082 5.493 2.164 0.082
5.998 2.027 0.083 5.469 2.168 0.084
2.025 2,170 0.083
Bvg. 5.998 2.028 0.082 Avg. 5.491 2.164  0.083
Std. Dev. 0.00252 0.00208 0.00100 3td. Dev. 0.02155 0.00758 0.0009%6
3 5.757 2.161 0.087 3 5.865 2.010 D.084
5.821 2.152 0.082 5.889 2.018  0.081
5.833 2.134 0.088 5.892  2.015  0.081
2.128 2.018  0.082
Bvg. 5.619 2.144 0.083 Avg. 5.882 2.015  0.082
Std. Dev. 0.02107 0.01537 0.00265 Std. Dev. 0.01480 0.00377 0.00141
4 5.807 1.966 0.086 3 5.465 2.03% 0.083
5.938 2.080 0.085 5.480 2.035  0.085
5.961 2.158 0.082 5.492 2.041 0.082
2.212 2.046  0.085
Bvg. 5.935 2.104 0.084 Avg. 5.473  2.040  0.084
Std. Dev. 0.02710 0.10677 0.00208 Std. Dev. 0.01353 0.00457 0.00150
5 5.182 2.234 0.074 10 5.527 1.938 0.081
5.128 2.304 0.081 5.456 1.845  0.082
5.075 2.3%4 0.083 5.454 1.954 0.078
2.411 1.9%4 0.083
Avg. 5.1z8 2.326 0.079 Bvg. 5.479 1.948 0.081
Std. Dev. 0.05350 0.07518 0.00473 Std. Dev. 0.04158 0.00776 0.00216
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